The new narrow mesons, Ds(2317) and Ds(2459), observed recently in the final states D + s π 0 and D * + s π 0 are pointed out to be naturally assigned as the ground-state scalar and axial-vector chiral states in the (cs) system, which would newly appear in the covariant U (12) hadron-classification scheme proposed a few years ago. Their large electro-magnetic decay widths are predicted due to the intrinsic electric dipole moment. The new DsJ (2632) is also able to be assigned to the P -wave chiral state with
§1. Introduction
CovariantŨ (12)-Classif ication Scheme A few years ago we have proposed theŨ (12)-classification scheme 1) for hadrons, unifying the two, non-relativistic and relativistic, approaches for describing hadrons: The former is based on the nonrelativistic quark model (NRQM) with the approximate SU (6) SF symmetry in the static limit, while the latter is based on the field theory with the spontaneouslybroken chiral symmetry. (As for details, see our review article. 5) ) Here the framework is manifestly Lorentz-covariant, and the hadron wave functions (WF) are supposed to be generally tensors in theŨ (12) × O(3, 1) L space, where theŨ (12) SF ⊃ U (4) DS × U (3) F ,Ũ (4) DS being a pseudo-unitary homogeneous Lorentz group L 4 for Dirac spinors and U (3) F the flavor unitary group concerning the light quarks.
Here it is to be noted that we do not assume any rigorous relativistic symmetry (including the generators of Lorentz transformation M µν as symmetry generators), leading to such an irreducible representation, as containing its members with different spins: Instead we mean by the term ofŨ (12) classification or symmetry scheme that all members belonging to the same multiplet have approximately the same squared-mass(, leading to the covariant classification) and that strong interactions are consistent with the U (12) SF symmetry, when all relevant hadrons (or quarks) being at rest. * ) In this sense our scheme is, more strictly, to be called the static U (12) symmetry (U (12) stat ) scheme. Thus, in our scheme the representation space for light constituent quarks is extended from the non-relativistic (NR) SU (6) SF ×O(3) L space to the covariantŨ (12) SF × O(3, 1) L space, and this corresponds to the introduction of a new additional SU (2)-space for the ρ-spin (ρ-and σ-spin being Pauli-matrices in the decomposition of Dirac γ matrices: γ ≡ σ ρ) at the rest frame, which is necessary for covariant description of hadron spin-wave function (WF), as
1)
Chiral states/chiralons Because of this new freedom, we predict the existence of new type of particles out of NR scheme, chiral states (named chiralons). They form, together with ordinary states (named Paulons), a linear representation of chiral symmetry. The light-quark mesons in the ground-state(L = 0), which are classified as 6 × 6 * = 36 in SU (6) SF , are assigned as 12 × 12 * = 144 inŨ (12) SF . The 144 includes the scalar σ-meson nonet, σ(600), κ(900), a 0 (980) and f 0 (980).
Furthermore, due to the introduction 5) of chiral states into the physical complete set of S-matrix bases, our U (12) stat -symmetry classification scheme becomes free * ) from the problem of unitarity 6) in the originalŨ (12) SF -symmetry scheme. 7) Recent discovery of new narrow resonant states D s (2317)/D s (2459) causes a serious problem in hadron physics. Because of their too-light masses compared with the prediction by NRQM, they are mostly interpreted as 4q-states, 8 , in a linear representation of chiral symmetry for light quarks. All these particles are assigned as the S-wave (cs) ground states inŨ (12)-scheme, and the ordinary P-wave j P q = 1 2 + multiplet is expected to exist as different particles in the slightly higher mass region.
Gell-Mann (mentioned in Ref. 4) ) that "a group might be useful for classifying particles, even it has no connection with the approximate symmetries" and also to note that our U (12)stat. symmetry seems to be a requirement on the "generalized M function" 6) proposed for the 144-fold way out from the trouble of relativistic SU (6).
* ) The S-matrix unitarity condition leads the non-linear equation for M -matrix (given in ref.
The Σ is represented, by using the free-quark spinor u(p, s3) with positiveenergy(or positive ρ3), symbolically as Σ = s 3 u(p, s3)u(p, s3)
γ4. This Σ is apparently non-invariant in U (12)SF transformation, and thus, U (12)SF violates the unitarity. The above Σ, in our scheme, is extended to Σ ′ = r 3 ,s 3 u(r3p, s3)u(r3p, s3) † = −iv · γγ4, which reduces, in the static limit vµ → (0, i)µ, to γ4γ4 = 1, and is invariant under U (12)stat-transformation. Thus, our U (12)stat-symmetry keeps the S-matrix unitarity. §2. Description of heavy-light(HL) mesons
Covariant Description of M esons
The light quark (qq) mesons and heavylight quark (Qq) mesons are described by the WF 
where X µ is the CM coordinate of meson and r µ is the relative coordinate. The squared-mass operator M(r µ ) is assumed to contain no light-quark Dirac matrices γ (q) in the ideal limit, leading to the chiral-symmetric global structure of squaredmass spectra. The WF is separated into the two parts, the one of plane-wave center of mass motion and the other of internal WF: The internal WF with definite total spin J is expanded in terms of respective eigen functions W α β (v) on spinor-space and f (P, r) on internal space-time r µ (which generally depends upon the CM momentum P µ of meson because of the Lorentz deformation effect). The W α β (v) and f (P, r) are covariant tensors, respectively, in theŨ (4) S space and the O(3, 1) L (Lorentz-space).
As the space-time expansion bases f (P, r) we choose the covariant, 4-dimensional Yukawa oscillator functions which are explained in ref. (v) ∼ r 3 ,r 3 ,sz,sz=± u α (r 3 P, s z )v β (r 3 P,s z ), where W (±) (v) are positive and negative frequency parts of W (X) and Dirac spinors are defined by
which reduces to the ordinary ρ 3 (ρ 3 ) at the rest frame,
Spinor W F and chiral states In the light-quark (LL) meson system the states with all the combinations of (r 3 ,r 3 ) = (±, ±) are expected to be realized in nature. Total W α β (v) space is equivalent to all the 16 components of Dirac γ-matrices. Thus, the σ-meson nonet, which have W α β = δ α β , are naturally included in the ground-state chiralons.
In the heavy-light (HL) meson system the states with (r 3 ,r 3 ) = (+, +) and (+, −) are expected to be realized, reflecting the physical situation that the HL meson system has the non-relativistic SU (2) s spin symmetry (the relativistic, chiral symmetry) concerning the constituent Heavy quarks (Light quarks), and is predicted to exist the scalar S and axial-vector A µ chiralons with (r 3 ,r 3 ) = (+, −), as well as the pseudo-scalar P s and vector V µ Paulons with (r 3 ,r 3 ) = (+, +).
The explicit form of W (+) (v) for D(cq)-mesons is given by (γ µ , satisfying P µγµ = 0)
in terms of the annihilation operators a P (a χ ) of pseudoscalar D and vector
The equation (2 . 2) is derived from the action
where the factor γ·∂ √ becomes ±iv · γ forW (±) (v), leading to the change of signs,
, which make the S chiral-invariant. * ) It reduces, in meson rest frame, to ∓γ 4 , and the overlapping changes such as
where O is the scalar Klein-Gordon operator. The last line of Eq. (2 . 7) is invariant under the static U (12) transformation, vq(0) → e 
The action (2 . 6) is used for leading the conserved electro-magnetic current 23) in §4. §3. Mass spectra for ground HL-quark mesons
In theŨ (12)-classification scheme the global mass spectra of quark-and antiquark mesons in the low-mass region are to be given generally for both Pauli and chiral states, by
taking into account to reproduce the phenomenologically well-known Regge trajectories for Pauli-states: In the relevant HL-quark meson systems all ground-state Paulons(P s , V µ ) and chiralons(S, A µ ) are degenerate in the ideal limit, and they are expected to split with each others between chiral partners (spin partners) by the spontaneous breaking of the chiral symmetry (the perturbative QCD spin-spin interaction); From the approximate chiral symmetry/HQS regarding the light/heavy quark constituents we can derive the common relations through the D(cq)-and B(bq)-meson systems in the SU (3) limit. 20), 24)
The value ∆M χ (Qs) is determined from the experimental mass values of Paulons
where µ is the reduced mass of the system µ = . The m1(m2) is the mass of the 1st(2nd) constituent.
The L(X, r) is rewritten as L = ΦDd
− U (r) ΦD, which is used in §4 to lead 23) to the conserved electromagnetic current.
In ref., 17) the same value is also applied to the splitting in Qn system as ∆M χ (Qn) = ∆M χ (Qs). Here we consider another possibility, taking Table I . 27) (ref. 28) ). The recently observed DsJ (2632) 29) state is naturally assigned as P -wave 1 − chiral state with j 
, with a/b = 1/1.44. The masses of the other P -wave cq chiral states are given by assuming the spin-dependent splittings being the same as those for P -wave cs Pauli states.
As is stated in the introduction, the ground S-wave chiral 0 + (D Similarly for the (cs) system, the chiral S-wave mesons D s (2317) and D s (2459), in addition to the P -wave Pauli states D * s0 (2466) 28) and D * s1 (2536), 28) are predicted to exist with broad width, a few hundred MeV, since they have the OZI-allowed DK and D * K open channels.
From Table I we are able to read the following interesting facts on the hyperfine splittings ∆M HF (Qq) between the members with the same quark configurations
which is derived from Eq. (3 . 2); ∆M HF is inversely proportional to the heavy-quark masses, and independent of the light-quark masses; ∆M HF (bq)/∆M HF (cq) = 0.047/0.14 = 0.34
∆M HF (with the same heavy-quark) is independent of light-quark masses;
These facts are reasonably understood from the physical situation in the HL-quark meson systems that the heavy-quark (light-quark) behaves non-relativistically (relativistically), leading to the HQ symmetry(chiral symmetry) concerning the heavy-(light-) constituent quarks.
The recently observed new cs-meson D sJ (2632) 29) causes another serious problem 30) in the conventional classification scheme. From its decay modes D s η and D 0 K + , the most natural quantum number is J P = 1 − . However, its mass seems to be too light to be assigned as radially excited 2 3 S 1 state in NRQM. InŨ (12)-classification scheme, D sJ (2632) is naturally assigned as a P -wave chiral cs-meson with 1 − . If this is the case, the other P -wave chiral mesons are expected to exist in this mass region ∼2600MeV. The masses of all these P -wave chiral cq-mesons, predicted by using simple assumptions, are given in Table I 
Here we give only the form of local Lagrangian, effective in the low energy region, which are reduced from the original multi-local one. The interaction with the heavy quarks may be negligibly small due to OZI rule.
where only the Yukawa interaction of the scalar and pseudo-scalar nonets, 
From this relation and by using the experimental value of ∆M χ (cs) = 348MeV, Eq. Table II . We can estimate phenomenologically the value of mixing parameter sin 2 θ, by using the experimental branching ratio 34) of D n (cn) meson to the iso-spin violating decay channel as
which seems to be reasonable order of magnitude due to the virtual EM-interaction. The experimental value 34) of Γ (D * + → D 0 π + ) = (96 ± 22)keV×0.677 = (65 ± 15)keV is reproduced by f A = 0.521, * ) which corresponds to g A (= f A /(2a)) = 3.96GeV −1 .
For fixing the value of g ′ A , we consider two characteristic models: 
The experimental Γ (D * + → D 0 π + ) leads to the value g AX = 1.02GeV −2 , which gives f A = 0.521 and f ′ A = −0.033 . The effect of f ′ A is negligibly small in this model. We predict the values of the relevant pionic decay widths in two model cases in Table III . Radiative decay In order to treat systematically all the radiative transitions between the HL-mesons we shall set up the basic EM-interaction Lagrangian as
Our multi-local current j i,µ is obtained through the "minimal substitution" of (∂ i,µ → ∂ i,µ − ie i A µ (x i )) to our Lagrangian L(See the footnote below Eq. (2 . 6) ). The spin interaction proportional to g M is introduced following ref. 36) By performing integration on relative space-time coordinates in the first line of the above expression (4 . 3), we obtain the effective heavy-and light-quark current of * ) We select one of the two choices, where the gA amplitude interferes constructively with gND amplitude. In case of destructive interference, fA = −0.646. the HL-mesons:
This is one of the most simple forms of the covariant generalization of convection and spin current in NRQM. From Eq. (4 . 4) we can easily check that our effective current J i,µ (X) is conserved in the ideal limit, as it should be. Our effective current has another remarkable feature due to the covariant nature of our scheme. The spin-current interaction leads to the Hamiltonian 5) where
contains the interaction through the "intrinsic electric dipole" −iµρ 1 σ as well as the one through the magnetic dipole µσ. The "intrinsic dipole" gives contributions only for the transitions between chiralons and Paulons, while does none for the other transitions.
From the effective currents J iµ in Eqs. (4 . 3) and (4 . 4), we can derive the formula of the relevant radiative decay widths, which are given in Table IV . Table IV . Formula of radiative decay widths Γ for cq mesons: By using |A| 2 , the Γ is given by By using Table IV 
From the results in Table V we see that our model gives the much larger widths for γ-transition from chiral to Pauli states (1st and 2nd columns), compared with the other models. Our width is almost the same for transition from Paulon to Paulon (3rd column), while it is the much smaller for transition from chiralon to chiralon (4th column), compared with the prediction by ref. 17) This difference comes firstly from the above mentioned feature (4 . 5) of our currents, and secondly from the different identification of the relevant mesons: The narrow D s mesons are assigned as the conventional P -wave excited states in the other models, while they are the S-wave chiral states other than the P -wave Pauli-states in our scheme.
(Branching ratios between radiative and pionic decay widths) From the predicted values of pionic and radiative (Table V) decay widths we obtain the ratios between them. Making reference again to ref., 38) the results are compared with the other models in Table VI .
0.29±0.26 41) 0.051 
0.44±0.09 42) 0.24
0.64
0.15±0.11 41) 0.15
0.40
0.40±0.28 41) 0.63 0.9 0.9 0.4
<0.58 As is shown above, our predicted radiative decay widths of D χ s0 and D χ s1 is oneorder of magnitude larger than the other predictions. Concerning pionic decays, our γ 5 σ µν -model(, where g ′ A is negligibly small,) is essentially equivalent to the ref., 17) where only the g N D and g A interactions are considered in our language. However, the resulting pionic decay width by ref. 17) is one-order of magnitude smaller than our prediction, because the iso-spin violating factor, sin 2 θ, used in ref. 17) (, which is estimated theoretically from the η-π 0 -mixing angle 17), 43), 44) as sin 2 θ = 1 2 δ 2 ηπ 0 = 1/(2 · (2 × 43.7) 2 ) ≃ 0.65 × 10 −4 ), is about one-order of magnitude smaller than our phenomenological estimation in Eq. (4 . 2). As a result, the ratios 17) of partial widths of γ-decay to π 0 -decay become similar values to our predictions. Only the ref. 40) except for us predicts the large pionic decay widths, where another phenomenological estimation of sin 2 θ(= ǫ 2 ) is done; Through the investigation of this letter it may be concluded that the D s (2317)/D s (2459) mesons are shown to be assigned consistently, in theŨ (12) classification scheme, as the scalar and axial-vector chiralons in the (cs) ground state. If this is the case, the conventional P -wave scalar and axial-vector mesons, D * s0 and D * s1 , are expected to exist in higher mass region and with wide widths of DK and D * K decays, re-spectively. And D sJ (2632), observed quite recently, is assigned as the P -wave chiral state with J P = 1 − inŨ (12)-scheme.
In the (cn) system two set of 0 + and 1 + -mesons are predicted to exist in the lower-mass region, both of which are expected to have wide widths; one is S-wave chiralons D (12) classification scheme, and accordingly the data are necessary to be reanalyzed along this line.
